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SUMMARY 


The purpose of this 
Dynamics Division's 
accomplishments for FY 
oy RTR Objectives, FY 
1986 Accomplishments, 
rough relationship to 


report Is to present the Structures and 
research plans for FY 1987 and 
1986. The work under each branch Is shown 
1987 Plans, Approach, Milestones, and FY 
Logic charts show elements of research and 
each other. This Information Is useful In 


program coordination with other government organizations 
f mutual Interest. 
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ORGANIZATION 


The Langley Research Center Is organized by directorates as shown 
on figure 1. The Structures Directorate Includes Structures and 
Dynamics Division, Materials Division, Loads and Aeroe I ast I c I ty 
Division, and' Acoust I cs Division. The Structures and Dynamics 
Division consists of four branches as shown on figure 2. There 
has been one significant change In the organizational structure 
of the Division. Mr. Brantley R. Hanks was selected Head, 
Structural Dynamics Branch. Dr. Larry D. Pinson also is 
currently Acting Head, Impact Dynamics Branch. 


FUNCTIONAL STATEMENT 


The Division conducts analytical and experimental research to 
achieve structures which meet functional requirements of advanced 
atmospheric and space flight vehicles. Provides experimental 
data and analytical methods for predicting stresses, 
deformations, structural strength, and dynamic response. 
Investigates Interaction of structure with propulsion and control 
systems, landing dynamics, crash dynamics, and resulting 
structural response. Develops and evaluates structural 
configurations embodying new material systems and/or advanced 
design concepts for general application and for specific classes 
or new aerospace vehicles. Develops advanced structural analysis 


i 


methods and computer programs. Uses a broad spectrum of test 
facilities and develops new research techniques. Test facilities 
Include the Structures and Materials Laboratory, Structural 
Dynamics Research Laboratory, Impact Dynamics Research Facility 
and the Aircraft Landing Dynamics Facility. Data are also 
obtained and analyzed from flight Investigations. 
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FAC I L I T I ES 


I I 


The Structures and Dynamics Division has four major facilities to 
support Its research (shown In figure 3). 

The Structures and Materials Laboratory equipment Includes a 
1,200,000 lb capacity testing machine for tensile and 
compressive specimens up to 6 feet wide and 18 feet long; lower 
capacity testing machines of 300,000, 120,000, 100,000 and 10,000 
lb capacity; torsion machine of approximately 60,000 ln.=lb 
capacity; combined load testing machine; hydraulic and pneumatic 
pressurization equipment; and vertical abutment-type backstop for 
supporting and/or anchoring large structural test specimens. 

The Impact Dynamics Research Facilities consist of the Aircraft 
Landing Dynamics Facility ( ALDF ) and the Impact Dynamics Research 
Facility. The ALDF consists of a rail system 2,800 ft. long x 30 
ft. wide, a 2.0 Mlbs. thrust propulsion system, a test carriage 
capable of approximately 220 knots, and an arrestment system. A 
wide variety of runway surface conditions, ranging from dry and 
flooded concrete or asphalt to solid Ice, can be duplicated in 
the track test section. In addition, unprepared surfaces such as 
clay or sod can be Installed for tests to provide data on 
aircraft off-runway operations. 

The Impact Dynamics Research Facility Is capable of crash testing 
full-scale general aviation aircraft and helicopters under 
controlled conditions. Simulation Is accomplished by swinging 
the aircraft by cables, pendulum-style. Into the ground from an 
A-frame structure approximately 400 ft. long x 240 ft. high. A 
Vertical Test Apparatus is attached to one leg of the A-frame for 
drop-testing structural components. 

The Structural Dynamics Research Laboratory is designed for 
carrying out research on spacecraft and aircraft structures, 
equipment, and materials under various environmental conditions, 
including vibration, shock, acceleration, thermal and vacuum. 
Equipment in the laboratory includes a 55-ft. (inside diameter) 
thermal vacuum chamber with a removable 5-ton crane, a flat floor 
70 feet from the dome peak, and whirl tables. 
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GENERIC COMPOSITE FUSELAGE TESTS 










IMPACT DYNAMICS BRANCH 


I I I 

RTR 505-63-11-06 Composite Crash Dynamics 


OBJECTIVE: 

To obtain a better understanding of response characteristics 
of generic composite components subjected to crash loading 
cond I t I ons . 

FY 1987 PLANS: 

o Conduct analytical studies of various transport crash 
Impacts 

o Conduct various static and dynamic tests of composite 
frames, subfloors, and energy absorber concepts 

o Initiate tests and analysis of scale model beams under 
Impact loads 

o Develop analysis tools for composite crash dynamics 
o Support full-scale crash tests of ACAP helicopters 
APPROACH: 

In FY 1987 the main focus will be developing a data base and 
Insights on behavior of composite components to crash load- 
ings. Develop In-house test method, procedures, and 
apparatus to conduct static and dynamic combined bending 
and axial loading tests on representative composite struc- 
tural elements. Assess Impact data to evaluate effect of 
combined axial and bending loads on global response, 
stiffness and residual strength after failure and develop 
new analytical techniques to predict both global and local 
responses. Install these new algorithms on Computational 
Structural Mechanics software testbed. Supportive contrac- 
tual efforts will be used mainly to fabricate composite 
components requiring special tooling. 

MILESTONES: 

o Conduct metal subfloor water drop tests, November 1986 

o Conduct scaling studies on various composite beams, 
November 1986 

o Procure generic fuselage shells from Beech Aircraft and 
plan full-scale crash test matrix 
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o Perform nonsymmetric analysis of CID using updated 
Boeing model, January 1987 

o Develop Analysis for predicting scale beam response to 
crash loads, January 1987 

o Develop Intersection and crush Initiator concepts for 
energy absorbing composite subfloors, March 1987 

o Initiate static testing and dynamic testing of inter- 
section and crush initiator concepts, September 1987 

FY 1986 AGCOMPL I SHMENTS : 

o Published 7 papers on CID experiments 
o Fabricated scale beam specimens 


o Defined benchmark dynamic problems for scaled composite 
stud I es 

o Conducted tests and analysis on Initial composite frames 

o Published summary paper on G/A seat research conducted 
at Langley Research Center 


RTR 505-63-41-02 Aircraft Landing Dynamics 


OBJECTIVE: 

Advance the technology for safe, economical all-weather 
aircraft ground operations Including the development of 
new landing gear systems. 

FY 1987 PLANS: 

o Continue development of tire contact algorithms 

o Develop data base on radial and bias ply aircraft tires 

o Demonstrate active control landing gear technology 

o Develop friction and wear models for Shuttle main gear 
1 1 res 

o Examine tire technology requirements for National Aero- 
space Plane (NASP) 
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APPROACH: 


In FY 1987 the main focus will be developing high-speed 
frictional and mechanical property data base In support of 
Industry and Shuttle landing operations. Coordinate In- 
house research, grants, and contracts with U.S. tire 
industry experimental effort to carry out National Tire 
Modeling Program. Conduct detailed studies of forces and 
moments In static and rolling tire footprints. Develop 
algorithms for tire contact to include friction and rolling 
tire footprints. Develop algorithms for tire contact to 
include friction and rolling effects for National Tire 
Modeling Program and Install these algorithms on Computa- 
tional Structural Mechanics software testbed. Develop 
experimental methods for measuring material properties of 
tire constituents. Define rational tire wear crosswind 
limits for Space Shuttle Orbiter. Obtain frictional and 
mechanical property data on type H and radial ply aircraft 
1 1 res . 

MILESTONES: 

o Present paper on water spray ingestion at SAE AeroTech 
'86 Meeting, October 1986 

o Publish paper on Space Shuttle Orbiter cornering and 
spin-up wear character 1 st I cs , December 1986 

o Publish paper on tire contact algorithms, December 1986 

o Conduct close range photogrammetry measurements of 
Shuttle nose gear tire deformations, February 1987 

o Conduct track studies of F-4 raldal tires, March 1987 

o Publish reports on NASA/FAA tire traction program, 

March 1987 

o Measure forces and moments In rolling tire footprints, 
June 1987 

FY 1986 ACCOMPLISHMENTS: 

o Phase I Shuttle spin-up wear and cornering test completed 
and crew training simulators updated 

o Paper on tilt steering presented at AeroTech '85 Meeting 

o NASA/FAA snow and Ice tests completed with B-727 
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o Session on Tire Modeling at Tire Society Meeting heavily 
supported by National Tire Modeling Program participants 

o Completed spray ingestion tests on G/A nose gear tire 
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16 


STUDIES 



















IV 


STRUCTURAL CONCEPTS BRANCH 


RTR 506-43-41-02 Advanced Space Structures Concepts 


OBJECTIVE: 

Develop deployable and erectable structural concepts and 
associated design technology for antenna and reflector 
structures and for Space Station. 

FY 1987 PLANS: 

o 3rd generation joint design, fabrication and evaluation 
o Conceive MRMS for operation on curved surfaces 
o Develop space station construction scenario 
o Develop reflector truss construction scenario 
o Continue to support Mast program 
o Continue deployable reflector truss study 
o Develop deployable shelter 
APPROACH: 

In FY 1987 a major milestone will be the completion of a 
ground test Mobile Remote Man I pu I ator System (MRMS) for 
conducting 1-g construction tests. The role of automation 
in the construction process will be Investigated as part 
of this activity. Studies will continue on developing 
deployable trusses for antenna structures and a 36-element 
deployable test article will be fabricated. Efforts will 
continue on defining on-orblt construction scenarios and 
associated flight experiments. 

MILESTONES: 

o Procure CAD terminals, October 1986 
o Complete ground test MRMS hardware, November 1986 
o 1-g test of MRMS, February 1987 

o Fabricate deployable 36-element truss model, March 1987 
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FY 1986 ACCOMPLISHMENTS: 


o Conducted ACCESS flight test In November 1985 

o Completed Erectable Joint Concept Study 

o Designed and began fabrication of third generation 
erectable joint 

o Influenced Space Station decision to baseline 5-meter 
erectable truss through an extensive trade study and 
the ACCESS flight experiment 


rtr 481-32-23-02 Space Station Erectable Structures 


OBJECTIVE: 

Develop technology for a 5-meter composite truss for the 
Space Station. Develop and demonstrate a technique for 
constructing the truss from the Space Station. 

FY 1987 PLANS: 

o 3rd generation Joint design, fabrication and evaluation 
o Development of payload attachment fixtures 
o Complete development of aluminum clad composite struts 
o Fabricate and test 2 bays of composite truss hardware 
o Fabricate and test 10-bay aluminum truss 
o Studies to reduce EVA assembly hours 
APPROACH: 

In FY 1987 the main focus will be to identify suitable 
composite struts for the truss and to develop an on-orbit 
construction technique. Specifically, plans are to conduct 
an extensive study of various techniques for fabricating 
high stiffness, tough, graphite/epoxy struts and fabricate 
a 4-bay beam for testing. An in-house and contractual study 
will be conducted to develop and demonstrate an on-orblt 
construction approach. 
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MILESTONES: 


o Define a structural flight experiment, December 1986 
o Select composite strut design, March 1987 
o Develop construction technique, March 1987 
o Fabricate construction fixture, September 1987 
o Fabricate 4-bay beam, September 1987 
FY 1986 ACCOMPLISHMENTS: 


o A second generation erectable Joint with 3-D growth 
capability was designed and fabricated 

o A full scale and 1 /4-scale 7-bay beam was built for 
test I ng 

o A third generation erectable Joint was designed and Is 
currently being fabricated 

o Identified 20-bay beam as potential flight experiment 


RTR 906-55-62-01 Flight Experiment Definition 


OBJECTIVE: 

o Provide Integration support for the 5-meter erectable 
flight experiment with the Space Shuttle 

FY 1987 PLANS: 

o Continue flight experiment study 
APPROACH: 

An In-house and contractual effort will be conducted to 
Integrate the 5-meter erectable flight experiment with the 
Space Shuttle system. The study will Include hardware 
Integration, EVA handling considerations, pallet mountings, 
and Instrumentation Integration. Detailed drawings of the 
hardware will be made and I /8-scale and full-scale mockups 
will be built to verify the designs. 
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MILESTONES: 


o Complete flight experiment definition, November 1986 
o Initiate Integration contract, December 1986 
FY 1986 ACCOMPLISHMENTS: 

o 20-bay, 5-meter strut erectable truss Identified as 
baseline for flight experiment 

o Preliminary In-house studies conducted on beam construc- 
tion scenario, dynamic behavior, and orbital decay 
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STRUCTURAL DYNAMICS BRANCH 


RTR 506-43-51-01 Vibration Reduction 


OBJECTIVE: 

Accomplish validated capability for on-line structural 
parameter Identification and active and passive vibration 
attenuation for large flexible space structures. 

FY 1987 PLANS: 

o Conduct min I -Mast dynamics tests 
o Demonstrate 3-body slewing control 

o Develop recursive Elgensystem Realization Algorithm 
system Identification method 

APPROACH: 

In FY 1987 the main focus wl I I be the experimental verifica- 
tion of control and system identification techniques. The 
use of member actuators for reducing the response program 
will be conducted at both element and system levels using a 
truss beam as a focus. Physical elements such as Joints, 
actuators, and electronic components will be analyzed 
Individually and as parts of systems. Laboratory tests of 
hardware will be conducted to verify and Improve analyses. 
Studies of advanced system Identification algorithms which 
Incorporate latest techniques Into smal I -core, high-speed 
applications will be Initiated. Completing tests of the 
15M hoop-column antenna will be accomplished under this 
RTR. 

MILESTONES: 

o Demonstrate 3-body closed-loop slewing control, 

December 1 986 

o Complete dynamic tests of 15M hoop-column antenna, 
February 1987 

o Verified open- loop model of 20M truss beam Including 
effects of Joints, June 1987 

o Demonstrate closed- loop control of mu 1 1 Iple-member- 
actuator truss-beam segment 
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FY 1986 ACCOMPLISHMENTS: 

o Atmospheric effects In slewing experiments quantified 

o Development of telescoping member truss beam segment 
i n 1 1 1 ated 

o Frequency domain version of Eigensystem Realization 
Algorithm developed 

rtr 508-43-51-02 Advanced Spacecraft Dynamics 


OBJECTIVE: 

Develop and validate methods for predicting and experi- 
mentally verifying the coupled structural dynamics and 
control of multi-body space structures with flexible 
components, Interfaces, dissipative mechanisms and large 
amplitude responses. 

FY 1987 PLANS: 

O Begin 3-D LATDYN 

o Integrate 2-D LATDYN Into Computational Structural 
Mechanics 

APPROACH: 

In FY 1987 the main focus will be the continuation of 
development of a three-dimensional computerized simulation 
of controlled dynamics of multi-body flexible space struc- 
tures as encountered In deployment, slewing and robotic arm 
manipulation. Included In this thrust Is the development of 
Improved modu I ar I zed transient algorithms for concurrent 
computing, and realistic verified models for Joint and 
Interface damping mechanisms. In addition, advanced slewing 
control analyses will be studied and test suspension methods 
for large space structures will be analyzed. 

M I LESTONES : 

o Establish computational approaches for analyzing non- 
linear contact and sliding dynamics In spacecraft 
interfaces, December 1986 

o Incorporate nonlinear truss Joint characterization In 
transient response of space station keel truss, 

January 1987 
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FY 1986 ACCOMPLISHMENTS: 


o Multi-body synthesis of generic space station model 
comp I eted 

o Preliminary dynamic behavior of suspended space station 
scale model established 

o Controls and berthing capability Incorporated Into 2-D 
LATDYN 

o Nonlinear Joint characterization documented 

o Substructuring capability Installed In BUNVIS 

o Computerized procedure for discretely changing constraints 
developed and documented 


RTR 542-06-11-06 Beam Dynamics Ground Test 


OBJECTIVE : 

Val Idate ground tests technology and conduct tests necessary 
to demonstrate flight readiness for the Mast experiment. 

FY 1987 PLANS: 

o Test COFS-i 20M prototype and components 
APPROACH: 

In FY 1987 the main focus Is the development of test methods 
and suspension techniques for the Mast using a 20M truss 
beam (mlnl-Mast). Analytical methods of Including Joint 
characteristic and suspension dynamics in a global dynamics 
model will be evaluated. Measured global dynamic charac- 
teristics of the mlnl-Mast will be predicted using state-of- 
the-art techniques. Evaluation of suspensions for the 60M 
test will begin. Assembly and checkout of a portable data 
acquisition system for the flight article ground tests will 
be completed. 

MILESTONES: 

o Complete outfitting of mobile data acquisition trailer, 
December 1986 

o Begin modifications to Hangar Annex for ground tests, 
February 1987 
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o 

o 

o 


Initiate study 
March 1987 

Complete modal 

Complete Joint 


of candidate suspensions for flight 

test on 20M min I -Mast, June 1987 
characterization tests, August 1987 


beam , 


FY 1986 ACCOMPLISHMENTS: 


o Min I -Mast Joint tests begun 
o Preliminary analytical models developed 
o Mobile data acquisition system definition completed 


RTR 542-06-31-01 COFS III Technology 


OBJECTIVE: 

Develop structural dynamics technology for COFS III ground 
and flight experiments. 

FY 1987 PLANS: 

o Release RFP for Space Station scale model design and 
fabr icat Ion 

APPROACH: 

In FY 1987 the main focus will be on Initiating a contract 
for the design and construction of the COFS III ground 
experiment model which will be Space Station oriented in 
anticipation of on-orblt flight data. Analysis and test 
methods for the dynamics and control of multiple-component. 
Joint-dominated structures will be emphasized. Desired model 
characteristics as well as fabrication requirements and 
capabilities will be developed. In related technology, 
studies of the scaling of model components such as tubular 
members and structural Joints will be continued and in-huse 
tests and analyses of prototype space station hardware will 
be conducted. A phenomena model to examine test and 
analysis methods for the COFS III candidate configuration 
structure w i i l be designed and fabricated. 

MILESTONES: 

o Complete tests of 1 /4-scale space station, November 1986 
o Complete design of phenomena model, January 1987 
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o Complete tests of full-scale space station truss model, 
June 1987 

o Award contract for scale model design/construction, 
August 1987 

FY 1986 ACCOMPLISHMENTS: 

o Preliminary model feasibility study contract completed 

o Study of Joint scaling/analysis Initiated 

o Ground tests of 1/4-scale erectable truss initiated 

o Model definition study contract awarded 

o Phenomena model design study Initiated 

o Statement of work for scale model design/fabrication 
contract under development 

o Prototype scale model composite parts and structural 
Joints received and testing under way 

RTR 482-53-53-38 Space Station Model 
Def I n I t I on/Des I gn 


OBJECTIVE: 

Develop a sub-scale replica model technology for space 
station applications and a methodology for Its use in 
dynamic development and qualification. 

FY 1987 PLANS: 

o Procure and test 1/10-scale generic dual keel station 
o Perform pre-test analytical studies for replica model 
APPROACH: 

In FY 1987 the main focus will be on defining requirements 
for and designing the model and on defining roles, pro- 
cedures and test methods for use of such a model in space 
station development. A replica model of the Space Station 
of approximately one-fourth to four-tenths scale will be 
defined for use In predicting space station on-orblt 
dynamics. Test suspension, excitation and Instrumentation 
methods will be studied. Initial efforts will be on 
development and tests of an IOC configuration in time to 
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assist space station CDR . Scar effects on the IOC config- 
uration resulting from advanced configurations also would 
be determined. These funds will be combined with design/ 
construct contract on RTR 542-06-31-01. 

MILESTONES: 

o Initiate definition study contract for a replica model, 
January 1987 

o Initiate study of suspension and test methods, April 1987 
FY 1986 ACCOMPLISHMENTS: 

o Model feasibility study completed 


RTR 483-32-33-03 Flexible Body Deployment Analysis 

Deve I opment 


OBJECTIVE: 

Develop, early In the space station program, verified 
analytical capability required for space station construc- 
tion, maneuvers, berthing and robotic arm manipulation. 

FY 1987 PLANS: 

o Initiate coding of 3-D articulation code 

o Perform 2-D simulation studies on station operations 
(e.g., robotic arm maneuver) 

APPROACH: 

In FY 1987 the main focus will be the continued Incorpora- 
tion of new technology analytical methods Into usable 
computer programs which can aid the space station project 
In systems engineering and Integration. Emphasis I s on a 
convected coordinate approach for treating connected 
f I ex I b I e components In problems such as automated assembly. 

MILESTONES: 

o Establish prototype 3-D LATDYN code, September 1987 
FY 1986 ACCOMPLISHMENTS: 

o 2-D LATDYN theory documented 
o 2-D LATDYN User Manual completed 
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o 2-D LATDYN enhancements for berthing and controls 
comp I eted 

o 3-D LATDYN coding contract Initiated 
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VI 


STRUCTURAL MECHANICS BRANCH 


RTR 505-63-11-03 Mechanics of Composite Structures 


OBJECTIVE: 

Develop mechanics technology required for verified design of 
efficient, fault-tolerant advanced-composite airframe struc- 
tural components and to formulate advanced analysis methods 
to predict ultimate strength of composite structures and 
static and dynamic nonlinear response to aerospace 
structures . 

FY 1987 PLANS: 

o Complete development of nonlinear modal Interaction 
analysis 

o Initiate development of scaling laws for composite 
structures 

o Complete nonlinear analysis of filament-wound solid 
rocket booster 

APPROACH : 

In FY 1987 the main focus Is verifying new failure analysis 
for compress I on- 1 oaded mu 1 1 1 -d I rect I ona I laminates and on 
implementing Into STAGS an In-house-developed nonlinear 
modal Interaction analysis for built-up components. 

M I LESTONES : 

o Initiate development of scaling laws for composite 
structures, October 1986 

o Verify failure analysis for compress I on- 1 oaded multi- 
directional laminates, February 1987 

o Complete test-analysis correlation of stiffened filament- 
wound cylinder and heav 1 1 y- I oaded slde-of-body wing 
Joint, Apr I I 1987 

o Complete development of error analysis for nonlinear 
plates using recont I nu I zat I on method and extend method 
to Include transverse shear and normal stresses. May 1987 

o Conduct nonlinear analysis of filament-wound solid rocket 
booster, June 1987 
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FY 1986 ACCOMPLISHMENTS: 

o Effects of cutouts on postbuck I l ng behavior of unstlffened 
graphite-epoxy shear webs Identified experimentally 

o Crippling strength of compress Ion- loaded mu 1 1 1 -d I rect I ona I 
laminates determined by a nonlinear analysis 

o Both thickness and stiffness discontinuities shown to 
effect compressive strength of graphite-epoxy laminates 
with dropped plies 

o Tests and analyses show that increasing cutout size does 
not necessarily decrease the buckling strength of compres- 
sion-loaded composite plates 

o Non-optimum filament-wound graphite-epoxy stiffened 
cylinder tested. Analysis being conducted to help 
Identify failure mode 

o New hlgh-order transverse-shear plate analysis shows 
that plates with low w Idth-to-th Ickness ratios buckle 
at loads below those for classical transverse shear 
theory 

o Nonlinear modal interaction analysis for plates developed. 
Analysis being Implemented in a general purpose nonlinear 
shell code for general shells 


RTR 505-63-11-05 Advanced Composite Structural Concepts 


OBJECTIVE : 

Develop verified composite structural concepts and design 
technology needed to realize the improved performance, 
structural efficiency, and low-cost advantages offered by 
new material systems and manufacturing methods for advanced- 
composite aircraft structural components. 

FY 1987 PLANS: 

o Complete Initial anisotropic tailoring studies of high- 
aspect-rat lo laminar-flow wings 

o Continue development and evaluation of new structura In- 
efficient composite panel concepts 

o Conduct damage-tolerance tests of new graphite-epoxy 
panel concepts 
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o Continue studies of structural tailoring and Interleaving 
for stiffened panels 

APPROACH : 

In FY 1987 the main focus Is developing new structurally- 
tailored wing component design concepts and evaluating the 
performance of low-cost filament-wound structural concepts. 
Innovative structural configurations for advanced aircraft 
applications will be developed and evaluated for Improved 
performance, structural efficiency, and damage tolerance. 

The effects of constraints, such as those Imposed by aero- 
elastlc tailoring, laminar flow, acoustics and control, will 
be Included In the design of new structural concepts for 
aircraft components. Mechanical and pressure loads repre- 
sentative of wing and fuselage structural components will 
be considered. Associated structural mechanics Issues 
peculiar to these new design concepts will be studied and 
selected concepts will be evaluated experimentally. 

MILESTONES: 

o Experimentally evaluate preliminary design of geodesic 
stiffened compression panel, October 1986 

o Conduct damage tolerance tests of graphite-epoxy 
filament-wound and sandwich panels, February 1987 

o Initiate fabrication of transport wing box beam concept, 
Apr I I 1987 

o Experimentally evaluate two additional new advanced 
compression panel concepts, April 1987 

o Complete Initial anisotropic tailoring study of hlgh- 
aspect-ratio laminar-flow wing, June 1987 

o Complete design study of optimum tapered wing-box with 
new panel concepts and damage tolerance considerations, 
June 1987 

o Conduct design and analysis studies of advanced concept 
tapered spars and cover panels and fabricate sub- 
components, September 1987 

FY 1986 ACCOMPLISHMENTS: 

o Open-hole compressive strength of thermoplastic laminates 
shown to be si Ightly lower than for epoxy laminates 
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o 


Fiberglass edge reinforcements and In-plane tapered Insert 
reinforcements shown to Increase compressive and tensile 
strength of graphite-epoxy plates with holes 

o Preliminary design of hlgh-aspect-ratlo swept-f orward 
wing with laminar flow airfoil shows that structural 
tailoring with graphite-epoxy materials can provide 
minimum weight wings with no twist at ultimate load 

o Weight/cost analysis Identifies new composite panel 
concepts that are both lighter In weight and lower In 
cost than conventional aluminum stiffened fuselage panels 

o Designed and fabricated advanced hlgh-aspect-ratlo cover 
panel concept using damage-tolerant Interleaved materials. 
Testing to evaluate concept is under way 

o Baseline and alternate wing panel and spar concepts 
evaluated for transport wing box beam 
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COMPUTATIONAL STRUCTURAL MECHANICS 

FIVE YEAR PLAN 



38 



RTR 505-63-11-07 Computational Structural Mechanics 


OBJECTIVE: 

Develop advanced structural analysis and computation methods 
that exploit advanced computer hardware and develop standard 
generic software system for structural analysis. 

FY 1987 PLAS: 

o Award task assignment contracts for testbed, methods 
research, and applications studies 

o Demonstrate capability for routine nonlinear global /local 
analysis of composite structures 

o Demonstrate UNIX version of CSM testbed on NAS for large 
finite element problem 

o Integrate parallel equation solvers Into CSM testbed and 
demonstrate on FLEX or NAS 

o Demonstrate parallel dynamic analysis 

APPROACH: 

In FY 1987 the main focus will be upgrading initial testbed 
(NICE/SPAR) and developing analysis capability for multi- 
processor computers. Methods research will emphasize 
procedures that exploit computers having multiple processors 
and a concurrent processing capability. To a I d In the 
methods development research, a testbed system will be 
created. It will consist Initially of software for Langley's 
VAX and Cyber computers and a combination of software and 
hardware for concurrent processing. A standard generic soft- 
ware system that can accept applications modules will be 
developed. This software system will be aimed at the 
computers and aerospace structural analysis problems of the 
late 1 980 ' s and beyond. 

MILESTONES: 

o Award task assignment contracts for analysis testbed, 

methods research, and applications studies, October 1986 

o Demonstrate parallel equation solver and parallel eigen- 
value solver in NICE/SPAR, December 1986 

o Demonstrate geometric nonlinear finite element capability 
of NICE/SPAR on multiprocessor computer, March 1987 
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o 


Demonstrate UNIX version of NICE/SPAR on NAS for large 
finite element problem, March 1987 

o Demonstrate capability for routine global/local analysis 
of composite structures, July 1987 

o Demonstrate error analysis capability on composite sub- 
scale problem, September 1987 

o Develop transient algorithms for multiprocessor super- 
computers, September 1987 

FY 1986 ACCOMPLISHMENTS: 

o Converted NICE/SPAR testbed to UNIX; Installed on single 
and multiple processors of FLEX 

o Installed shear flexible elements, geometric nonlinearity, 
and laminate utility In NICE/SPAR 

o Documented study of error analysis techniques 

o Documented study of global /local stress analysis for 
composite panel with discontinuous stiffener 

o Parallel Lanczos elgensolver demonstrated to be efficient 
on FLEX 
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RTR 506-43-41-04 SRB Joint Concept Study 


OBJECTIVE: 

This RTR Is to conduct an Independent assessment of design 
procedures for development of a SRB (Solid Rocket Booster) joint 
fix; and to evaluate alternate design fixes. To set up analyses 
of SRB deformations using advanced analysis tools; and to Invest! 
gate alternate concepts using experience In gas leak problems 
In wind tunnels and flight vehicles. The effort reported herein 
are the results of a team effort by personnel of the Structures 
and Dynamics Division, Materials Division, and Systems Engineer- 
ing Division. 

MILESTONES: 

o Initial request to Investigate field Joint concepts, 
February 1986 

o Complete assessment of MSFC (Marshall Space Flight 
Center) concepts. May 1986 

o Complete development of LaRC (Langley Research Center) 
alternate concept, August 1986 

o Participate In SRM Preliminary Design Review, September 
1986 

FY 1986 ACCOMPLISHMENTS: 

Structure I Concepts 


o Developed and analyzed alternate bolted design concept 
for SRB Joints 

SRM Ana lysis 

o Developed 3-D models of 51-L Joint and correlated with 
reference test 

o Identified pin hole clearances as key parameters in 
clevis-tang Joint analyses 

o Performed Inelastic 3-D analyses of 51-L Joints showing 
residual plastic deformations under proof load 

o Developed 3-D analysis of Interference fit capture tang 
des I gn 

o Developed SRM she I I model 
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O-R I ng Studies 


o Developed resiliency data for various temperature levels 
on candidate seal materials 

o Developed test fixtures and provided dynamic sealing and 
failure data to MSFC on candidate materials 

Therma I Des I gn 

o Developed concepts for sealed thermal Insulation of field 
Jo I nts 

o Performed thermal analyses of sealed and vented cavities 
to determine effects of cavity configuration 
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VII ACCOMPLISHMENT HIGHLIGHTS 
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IMPACT DYNAMICS BRANCH 
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GENERIC COMPOSITE FUSELAGE FRAME IMPACT STRAIN 
DISTRIBUTION MEASURED AND COMPUTED 
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COMPOSITE FRAME STRAIN DISTRIBUTION 

TIME = 4.8 MSEC AFTER IMPACT 
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CIRCUMFERENTIAL LOCATION, Degrees 


TECHNICAL HIGHLIGHT 

WATER SPRAY GENERATED BY AIRCRAFT NOSE TIRES MEASURED IN DETAIL IN 

UNIQUE TEST FACILITY 
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SPINUP WEAR CHARACTERISTICS DEFINED FOR SPACE SHUTTLE HAIN LANDING GEAR TIRE 
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Plans are to conduct tests on Shuttle tires which have been equipped with increased thickness tire 
treads and tire treads with different rubber compounds. Tests are also planned for ALDF to document 
more fully the tire spinup wear crosswind limits for the KSC Shuttle runway and to study more 
closely the effect of vertical sink rate on tire spinup wear. 


SHUTTLE MAIN GEAR TIRE SPINUP WEAR 
220 KNOTS 
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SPACE STATION SOLAR ARRAY BENDING MOMENTS OUE TO SHUTTLE DOCKING ARE 
GENERALLY MORE BENIGN FOR GROWTH THAN FOR IOC CONFIGURATION 
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Future Plans 

Detailed finite element models will be developed for the new dual keel space station configuration. The 
performance of this configuration will be assessed using the loading conditions mentioned above. 
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Future 

Data from video tapes, i6mm movies, and 70mm still photographs are being analyzed. The data, including 
information from tne post-flight debriefing of the astronauts, will be documented. 
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300 KW DUAL KEEL SPACE STATION STRUCTURES/CONTROLS 
STUDY AIDED IN SELECTION OF 5M BAY SIZE 



METAL CL AO COMPOSITE STRUT FOR SPACE STATION DEVELOPED 
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F uture 

Material and structural characterization tests will be performed to provide complete understanding of strut 
performance. Impact testing (which has been started) will be completed and/or expanded as required. 


METAL CLAD COMPOSITE TUBE FABRICATION 
PROCESS DEVELOPED 
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SIGNIFICANCE: The LATDYN computer program, even in its 2-D form, is a useful tool for simulating 
space^Tat ion "operations where large angular motions are involved. This application of the program 
indicates that even controlled slow operations on the space station can result in considerable 
vibratory response at certain station locations. 

FUTURE PLANS: Development of LATDYN to allow for three dimensional capability is in progress. 
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Future Plana 

Document the laminate model and the results of the study, and perform additional tests to verify these results. 
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PUBLICATIONS AND PRESENTATIONS 


The FY 1986 accomplishments resulted In a number of publications 
and presentations. They are listed below as Formal Reports; 
Quick-Release Technical Memorandums; Contractor Reports; Journal 
Articles and Other Publications; Meeting Presentations; Technical 
Talks; Computer Programs; Tech Briefs; and Patents. 


Formal Reports 


1. Daugherty, R. H.; and Stubbs, S. M.: A Study of the 

Cornering Forces Generated by Aircraft Tires on a Tilted, 
Free-Swiveling Nose Gear. NASA TP-2481, October 1985 

2. Dorsey, J. T.: Dynamic Characteristics of Power-Tower 

Space Stations With 15-Foot Truss Bays. NASA TM-87684, 
July 1986 

3. Fasanel la, E. L.; Alfaro-Bou, E.; and Hayduk , R. J.: 

Impact Data From a Transport Aircraft During a Con- 
trolled Impact Demonstration. NASA TP-2589, September 
1986 

4. Fichter, W. B.: A Simple Nonlinear Joint Model. NASA 

TM-87749 , August 1986 

5. Hayduk, R. J. (Compiler): Full-Scale Transport Controlled 

Impact Demonstration. NASA CP-2395, January 1986 

6. Jackson, K. E.: Abrasion Behavior of Aluminum and 

Composite Skin Coupons, Stiffened Skins, and Stiffened 
Panels Representative of Transport Airplane Structures. 
NASA TP-2520, AVSCOM TR 85-B-7, November 1985 

7. Nemeth, M. P.; Stein, M. ; and Johnson, E. R.: An Approxi- 

mate Buckling Analysis for Rectangular Orthotropic 
Plates With Centrally Located Cutouts. NASA TP-2528, 
February 1986 

8. Stubbs, S. M. ; and Tanner, J. A.: Technique for Measuring 

Side Forces on a Banked Aircraft With a Free-Swiveling 
Nose Gear. NASA TM-87719, August 1986 

9. Thurston, G. A.; and Bains, N. J. C.: Solution of the 

Symmetric Elgenproblem AX - X BX by Delayed Division. 

NASA TP-2514, March 1986 
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Quick-Release Technical Memorandums 


10. Bales, K. S.: Structures and Dynamics Division Research 

and Technology Plans for FY 1986 and Accomplishments for 
FY 1985. NASA TM-87742, July 1986 

11. Belvin, W. K. ; and Edighoffer, H. H.: Experimental and 

Analytical Generic Space Station Dynamic Models. NASA 
TM-87696, March 1986 

12. Card, M. F.; Heard, W. L., Jr.; and Akin, D. L.: Con- 

struction and Control of Large Space Structures. NASA 
TM-87689, February 1986 

13. Dorsey, J. T.: Structural Performance of Space Station 

Trusses With Missing Members. NASA TM-87715, May 1986 

14. Dorsey, J. T.; Sutter, T. R.; Lake, M. S.; and Cooper, 

P. A.: Dynamic Characteristics of Two 300 KW Class 

Dual Keel Space Station Concepts. NASA TM-87680, 
February 1986 

15. Fasanella, E. L.; and Alfaro-Bou, E.: Vertical Drop Test 

of a Transport Fuselage Section Located Aft of the Wing. 
NASA TM-89025, September 1986 

16. Greene, W. H. ; Knight, N. F., Jr.; and Stockwell, A. E.: 

Structural Behavior of the Space Shuttle SRM Tang-Clevis 
Joint. NASA TM-8901 8 , September 1986 

17. Housner , J. M.; McGowan, P. E.; Abrahamson, A. L. ; and 

Powell, M. G.: The LATDYN User's Manual. NASA 

TM-87635 , January 1986 

18. Jegley, D. C. : Effects of Thickness and Ply Orientation 

on Buckling of Laminated Plates. NASA TM-87691 , 

February 1986 

19. Juang, J-N.: Mathematical Correlation of Modal Parameter 

Identification Methods Via System Realization Theory. 
NASA TM-87720 , April 1986 

20. Lake, M. S.; and Bush, H. G. : An Analytical Investigation 

of a Conceptual Design for the Space Station Transverse 
Boom Rotary Joint Structure. NASA TM-87665, 

January 1986 

21. Lotts, C. G. ; and Greene, W. H.: Experiences With a 

Preliminary NICE/SPAR Structural Analysis System. NASA 
TM-87586 , October 1985 
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22. Shuart, M. J.: Short-Wavelength Buckling and Shear 

Failures for Compression-Loaded Composite Laminates. 

NASA TM-87640 , November 1985 

23. Sohl, M. M. ; Hahn, H. T.; and Williams, J. G.: The Effect 

of Resin Roughness and Modulus on Compressive Failure 
Modes of Quasi -Isotropic Graphite/Epoxy Laminates. NASA 
TM-87604 , March 1986 

24. Wu, K. C.; and Lake, M. S.: Analysis of a Single-Fold 

Deployable Truss Beam Pre loaded by Extension of Selected 
Face Diagonal Members. NASA TM-87673, April 1986 


Contractor Reports 


25. Adams, L. R.; and Hedgepeth, J. M.: Batten Augmented 

Triangular Beam. NASA CR-172461, February 1986 
(NAS1-17536, Astro Research Corp.) 

26. Deri an, E. J. ; and Hyer , M. W. : Large Deformation Dynamic 

Bending of Composite Beams. NASA CR-4006, August 1986 
(NAG1-343, Virginia Polytechnic Institute and State 
Un I vers I ty ) 

27. Duke, J. C. , Jr.; Post, D. ; Czarnek, R.; and Asundi, A.: 

Measurement of Displacement Around Holes In Composite 
Plates Subjected to Quasi-Static Compression. NASA 
CR-3989 , June 1986 (NAG1-193, Virginia Polytechnic 
Institute and State University) 

28. Hahn, H. T.; Sohl, M.; and Moon, S. : Compression Failure 

Mechanisms of Composite Structures. NASA CR-3988, 

June 1986 (NAG1-295, Washington University) 

29. Reddy, J. N.: A Refined Shear Deformation Theory for the 

Analysis of Laminated Plates. NASA CR-3955, January 1986 
(NAG1-459, Virginia Polytechnic Institute and State 
Un I vers I ty ) 

30. Stehlln, P.; and Brogan, F. A.: Computational Reduced 

Basis Techniques In Nonlinear Structural Analysis. NASA 
CR-178096, September 1986 (NAS1-16723, Lockheed M I ss I I es 
& Space Company, Inc.) 
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Journal Articles and Other Publications 


31. Anderson, M. S.; and Nlmmo, N. A.: Dynamic Characteristics 

of Statically Determinate Space-Truss Platforms. Journa I 
of Spacecraft and Rockets, Volume 23, No. 3, May — lune 
1986, p. 303-307 

32. Anderson, M. S. ; and Williams, F. W. : Natural Vibration 

and Buckling of General Periodic Lattice Structures. 

A I AA Journa I , Volume 24, No. 1, January 1986, p. 163-169 

33. Greene, W. H. : Minimum Weight Sizing of Guyed Antenna 

Towers. Journa I of Structura I Eng I neer I ng , Volume 111, 
No. 10, October 1985, p. 2121-2137 

34. Horne, W. B. ; Yager, T. J.; and Ivey, D. L. : Recent 

Studies to Investigate Effects of Tire Footprint Aspect 
Ratio on Dynamic Hydroplaning Speed. The T I re Pavement 
I nterface , ASTM STP 929, 1986, p. 26-46 

35. Horta, L. G. ; and Juang, J-N.: Identifying Approximate 

Linear Models for Simple Nonlinear Systems. Journal of 
Gu I dance, Contro I , and Dynam I cs , Volume 9, No. 4, July- 
August 1986, p. 385-390 

36. Housner , J. M. ; and Belvln, W. K.: Dynamic Response and 

Collapse of Slender Guyed Booms for Space Application. 
Journa I of Spacecraft and Rockets , Volume 23, No. 1, 
January-February 1986, p. 88-95 

37. Howell, W. E . ; Perez, S. E.; and Vogler, W. A.: Aircraft 

Tire Footprint Forces. The Tire Pavement Interface, 

ASTM STP 929, 1986, p. 110-124 

38. Juang, J-N.; Horta, L. G. ; and Robertshaw, H. H. : A 

Slewing Control Experiment for Flexible Structures. 

Journa I of Gu I dance. Contro I , and Dynam I cs . Volume 9, 

No. 5, September-October 1986, p. 599-607 

39. Juang, J-N.; and Pappa, R. S.: Effects of Noise Modal 

Parameters Identified by the Eigensystem Realization 
Algorithm. Journa I of Gu I dance , Contro I , and Dynam I cs , 
Volume 9, No. 3, May-June 1986, p. 294-303 

40. Juang, J-N.; Turner, J. D.; and Chun, H. M.: Closed-Form 

Solutions for Feedback Control With Terminal Constraints. 
Aeronaut Ics/Space Techno I ogy I n the Sov I et Union , 

Volume 3, No. 12, December 1985, p. 86-92 
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41. Juang, J-N.; Turner, J. D. ; and Chun, H. M. : Closed-Form 

Solutions for a Class of Optimal Quadratic Regulator 
Problems With Terminal Constraints. Jour na I of Dynam I c 
Systems , Measurements and Contro I , Volume 108, No. 1, 
March 1986, p. 44-48 

42. Knight, N. F., Jr.: Nonlinear Structural Dynamic Analysis 

Using a Modified Modal Method. A I AA Journa I , Volume 23, 
No. 10, October 1985, p. 1594-1601 

43. Knight, N. F., Jr.; and Starnes, J. H., Jr.: Postbuck I I ng 

Behavior of Axially Compressed Graphite-Epoxy Cylindrical 
Panels With Circular Holes. Journa I of Pressure Vesse I 
Technology , Volume 107, November 1985, p. 394-402 

44. Sawyer, J. W. : Effect of Stitching on the Strength of 

Bonded Composite Single Lap Joints. A I AA Journa I , 

Volume 23, No. 11, November 1985, p. 1744-1748 

45. Shuart, M. J.; and Williams, J. G.: Compression Behavior 

of ± 45-Degree-Dom I nated Laminates With a Circular Hole 
or Impact Damage. A I AA Journa I , Volume 24, No. 1, 

January 1986, p. 115-122 

46. Stein, M.: Nonlinear Theory for Plates and Shells Includ- 

ing the Effects of Transverse Shearing. A I AA Journa I , 
Volume 24, No. 9, September 1986, p. 1537-1544 

47. Sun, C. T.; and Juang, J-N.: Modeling Global Structural 

Damping In Trusses Using Simple Continuum Models. 

A I AA Journa I , Volume 24, No. 1, January 1986, 
p. 144-150 

48. Thurston, G. A.; Brogan, F. A.; and Stehlln, P.: Post- 

buckling Analysis Using a General-Purpose Code. A I AA 
Journa I , Volume 24, No. 6, June 1986, p. 1013-1020 

49. Turner, J. D. ; Chun, H. M. ; and Juang, J-N.: Closed-Form 

Solutions for a Class of Optimal Quadratic Tracking 
Problem. Journa I of Opt Im I zat I on Theory and App I I cat I on , 
Volume 47, No. 4, December 1985, p. 465-481 


c •>- 
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Meeting Presentations 


50. Anderson, M. S.; and Williams, F. W. : BUNVIS-RG: An Exact 

Buckling and Vibration Program for Lattice Structures, 
With Repetitive Geometry and Substructuring Options. 
Presented at the A I AA/ASME , et al., 27th Structures, 
Structural Dynamics and Materials Conference, May 19-21, 
1986, San Antonio, Texas. AIAA Paper No. 86-0863-CP 

51. Bel vi n, W. K. ; and Edighoffer, H. H.: Dynamic Analysis 

and Experiment Methods for a Generic Space Station Model. 
Presented at the AIAA/ASME, et al., 27th Structures, 
Structural Dynamics and Materials Conference, May 19-21, 
1986, San Antonio, Texas. AIAA Paper No. 86-0838-CP 

52. Boltnott, R. L.; and Carden, H. D.: Drop Testing and 

Analysis of S I x-Foot-Dlameter Graphite-Epoxy Frames. 
Presented at the American Helicopter Society national 
Specialists' Meeting on Crashworthy Design of Rotorcraft, 
April 7-9, 1986, Atlanta, Georgia. In Proceedings 

53. Bostic, S. W. ; and Fulton, R. E.: Implementation of the 

Lanczos Method for Structural Vibration Analysis on a 
Parallel Computer. Presented at the AIAA/ASME, et al., 
27th Structures, Structural Dynamics and materials 
Conference, May 19-21, 1986, San Antonio, Texas. AIAA 
Paper No. 86-0930-CP 

54. Carden, H. D.: A Review of Crash-Related Analyses Con- 

ducted at NASA's Langley Research Center. Presented at 
the SAE 6th International Conference on Vehicle Struc- 
tural Mechanics, April 22-25, 1986, Detroit, Michigan. 

SAE Paper No. 86-0819. In proceedings, p. 178-192 

55. Carden, H. D.; Boltnott, R. L.-, and Jackson, K. E.: 

Composite Crash Dynamics. Presented at the AFSC/WPAFB 
Eleventh Annual Mechanics of Composites Review, 

October 22-24, 1985, Dayton, Ohio. Abstract in 

Proceedings, p. 26 

56. Cooper, P. A.; Sutter, T. R.; Lake, M. S.; and Young, 

J. W. : Multidisciplinary Capability for Analysis of the 

Dynamics and Control of Flexible Space Structures. 
Presented at the AIAA/ASME, et al., 27th Structures, 
Structural Dynamics and Materials Conference, May 19-21 , 
1986, San Antonio, Texas. AIAA Paper No. 86-0961-CP 
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57. Daugherty, R. H.; and Stubbs, S. M. : The Generation of 

Tire Cornering Forces In Aircraft With a Free-Swiveling 
Nose Gear. Presented at the SAE Aerospace Technology 
Conference & Exposition, October 14-17, 1985, Long 

Beach, California. SAE Paper No. 851939 

58. Davis, P. A.; Stubbs, S. M. ; and Tanner, J. A.: Aircraft 

Landing Dynamics Facility, A Unique Facility With New 
Capabilities. Presented at the SAE Aerospace Technology 
Conference & Exposition, October 14-17, 1985, Long 

Beach, California. SAE Paper No. 851938 

59. Fasanel la, E. L.; Widmayer, E.; and Robinson, M. P.: 

Structural Analysis of the Controlled Impact Demonstra- 
tion of a Jet Transport Airplane. Presented at the 
A I AA/ASME , et al., 27th Structures, Structural Dynamics 
and Materials Conference, May 19-21, 1986, San Antonio, 

Texas. A I AA Paper No. 86-0939-CP 

60. Hanks, B. R.; Allen, J. L., Jr.; and Fontana, A.: Status 

of the Mast Experiment. Presented at the NASA Marshall 
Workshop on Structural Dynamics and Control of Large 
Flexible Structures, April 22-24, 1986, Huntsville, 
Alabama. Proceedings pending 

61. Hayduk , R. J.; Fasanella, E. L . ; and Alfaro-Bou, E.: NASA 

Experiments Onboard the Controlled Impact Demonstration. 
Presented at the SAE 1985 Aerospace Congress and Exposi- 
tion, October 14-17, 1985, Long Beach, California. SAE 

Paper No. 851885 

62. Heard, W. L., Jr.: ACCESS (Assembly Concept for Construc- 

tion of Erectable Space Structure) - A Shuttle Flight 
Experiment. Presented at the IEEE 18th Annual Elec- 
tronics and Aerospace Systems Conference (EASCON 85), 
October 28-30, 1985, Washington, DC. In proceedings, 
p. 157-165 

63. Heard, W. L., Jr.; and Watson, J. J.: Results of the 

ACCESS Space Construction Shuttle Flight Experiment. 
Presented at the A I AA 3rd Space Systems Technology 
Conference, June 9-12, 1986, San Diego, California. 

AIAA Paper No. 86-1186-CP 

64. Heard, W. L., Jr.; and Watson, J. J. : ACCESS Flight 

Experiment Results. Presented at the NASA Langley Space 
Construction Conference, August 6-7, 1986, Hampton, 
Virginia. NASA CP pending 
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65. Horner, G. C. : Active Damping Experiments. Presented at 

the NASA Marshall Workshop on Structural Dynamics and 
Control of Large Flexible Structures, April 22-24, 1986, 
Huntsville, Alabama. Proceedings pending 

66. Housner , J. M. ; and McGowan, P. E.: An Analytical Treat- 

ment of Discretely Varying Constraints and Inertial 
Properties In Mu 1 1 1 -body Dynamics. Presented at the 
A I AA/ASME , et al., 27th Structures, Structural Dynamics 
and Materials Conference, May 19-21, 1986, San Antonio, 
Texas. A I AA Paper No. 86-0869-CP 

67. Juang, J-N.: Modal Testing and Slewing Control Experiment 

for Flexible Structures. Presented at the NASA Marshall 
Workshop on Structural Dynamics and Control of Large 
Flexible Structures, April 22-24, 1986, Huntsville, 
Alabama. Proceedings pending 

68. Juang, J-N.; and Horta, L. G.: Effects of Atmosphere on 

Slewing Control of a Flexible Structure. Presented at 
the AIAA/ASME, et al., 27th Structures, Structural 
Dynamics and Materials Conference, May 19-21, 1986, 

San Antonio, Texas. A I AA Paper No. 86-1001-CP 

69. Juang, J-N.; and Suzuki, H.: An Elgensystem Realization 

Algorithm In Frequency Domain for Modal Parameter 
Identification. Presented at the A I AA Guidance, 
Navigation and Control Conference, August 18-20, 1986, 

Williamsburg, Virginia. A I AA Paper No. 86-2048-CP 

70. Knight, N. F., Jr.: Computational Structural Mechanics 

at the NASA Langley Research Center. Presented at the 
22nd Annual Meeting of the Society of Engineering 
Science, October 7-9, 1985, University Park, 

Pennsylvania. Abstract published 

71. Knight, N. F., Jr.; Starnes, J. H., Jr.; and Waters, W. A.: 

Postbuckllng Behavior of Selected Graphite-Epoxy 
Cylindrical Panels Loaded in Axial Compression. 

Presented at the AIAA/ASME, et al., 27th Structures, 
Structural Dynamics and Materials Conference, May 19-21, 
1986, San Antonio, Texas. A l AA Paper No. 86-0881-CP 

72. McComb, H. G., Jr.; and Tanner, J. A.: Topics In Landing 

Gear Dynamics Research at NASA Langley. Presented at the 
15th Congress of the International Council of the Aero- 
nautical Sciences (ICAS), September 7-12, 1986, London, 

England. Paper No. ICAS-86-5 . 9 . 4 
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73. McComb, H. G., Jr.; Thomson, R. G. ; and Hayduk, R. J.: 

Structural Dynamics Research In a Full-Scale Transport 
Aircraft Crash Test. Presented at the 15th Congress of 
the International Council of the Aeronautical Sciences 
(ICAS), September 7-12, 1986, London, England. Paper 

No. I CAS-86-4 .5.1 

74. McGowan, P. E.: Considerations In the Design and Develop- 

ment of a Space Station Scale Model. Presented at the 
NASA Marshall Workshop on Structural Dynamics and Control 
of Large Flexible Structures, April 22-24, 1986, 
Huntsville, Alabama. Proceedings pending 

75. Nemeth, M. P.: Buckling Behavior of Compression-Loaded 

Symmetrically-Laminated Angle-Ply Plates With Holes. 
Presented at the AlAA/ASME, et al., 27th Structures, 
Structural Dynamics and Materials Conference, May 19-21, 
1986, San Antonio, Texas. AlAA Paper No. 86-0922-CP 

76. Noor, A. K.; and Storaasll, O. 0.: Nonlinear Finite 

Element Dynamic Analysis on Multiprocessor Computers. 
Presented at the International Association for 
Computational Mechanics First World Congress on 
Computational Mechanics, September 22-26, 1986, Austin, 
Texas. Abstract In proceedings. Volume 1 

77. Pinson, L. D.: Testing of Space Structures. Presented at 

the National Academy of Sciences/National Academy of 
Engineering Tenth U.S. National Congress of Applied 
Mechanics, June 16-20, 1986, Austin, Texas. Abstract 
SF3. Abstract published In proceedings 

78. Ransom, J. B.; and Fulton, R. E.: Concurrent Implementa- 

tion of the Crank-NIco I son Method for Heat-Transfer 
Analysis. Presented at the Second SIAM Conference on 
Parallel Processing for Scientific Computing, 

November 18-21, 1985, Norfolk, Virginia. 

79. Shuart, M. J.: Short-Wavelength Buckling and Shear 

Failures for Compression-Loaded Mu l t I -D I rect 1 ona I 
Composite Laminates. Presented at the National Academy 
of Sciences/National Academy of Engineering Tenth U.S. 
National Congress of Applied Mechanics, June 16-20, 1986, 
Austin, Texas. Abstract R5. Abstract published in 
proceed I ngs 

80. Stein, M. : Vibration of Beams and Plate Strips With Three- 

Dimensional Flexibility. Presented at the National 
Academy of Sc I ences/Nat I ona I Academy of Engineering 
Tenth U.S. National Congress of Applied Mechanics, 

June 16-20, 1986, Austin, Texas. Abstract T813. 

Abstract published In proceedings 
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81. Stein, M. ; and Bains, N. J. C. : Postbuckling Behavior of 

Longitudinally Compressed Orthotropic Plates With Three- 
Dimensional Flexibility. Presented at the A I AA/ASME , et 
al., 27th Structures, Structural Dynamics and Materials 
Conference, May 19-21, 1986, San Antonio, Texas. A I AA 
Paper No. 86-0976 

82. Storaasll, 0. 0. ; and Bergan, P. G. : A Nonlinear Substruc- 

turing Method for Concurrent Processing Computers. 
Presented at the AIAA/ASME, et al., 27th Structures, 
Structural Dynamics and Materials Conference, May 19-21, 
1986, San Antonio, Texas. A I AA Paper No. 86-0852-CP 

83. Storaasll, 0. O.; and Bergan, P. G. : Nonlinear Structural 

Analysis on an Engineering Workstation. Presented at the 
Committee on Electronic Computation Structural Division 
Ninth Conference on Electronic Computation, February 24- 
26, 1986, Birmingham, Alabama. In Proceedings, 
p. 394-405 

84. Tanner, J. A.; and Yager, T. J.: (subject sensitive; title 

omitted on purpose). Presented at the First National 
Aero-Space Plane Technology Symposium, May 20-22, 1986, 
Hampton, Virginia. Paper No. 114, In NASA CP-1006 

85. Yager, T. J.: Results from Recent Studies to Better 

Define Ground Vehicle Tire Hydroplaning Inception Speed. 
Presented at the Clemson University Tire Technology 
Conference, October 30-31, 1985, Greenville, South 
Carolina. In Proceedings, October 1985 


Technical Talks 


86. Alfaro-Bou, E.: The Development and Testing of an Energy 

Absorbing Passenger Seat for a Transport Aircraft. 
Presented at the 1986 Government Agency Aircraft Seating 
Systems Meeting, May 6-7, 1986, Wr I ght-Patterson AFB , 
Ohio 

87. Bostic, S. W. ; Ransom, J. B. ; and Crockett, T. w. : 

Architectural Consideration In Program Design: A Com- 

parison of Two MIMD Computers. Presented at the Second 
SIAM Conference on Parallel Processing for Scientific 
Computing, November 18-21, 1985, Norfolk, Virginia 

88. Card, M. F.: Current NASA Research in Aircraft Structures. 

Presented at Israel Aircraft Industries, February 17, 
1986, Lod, Israel 
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89. 


Card, M. F.: Construction and Control of Large Space 

Structures. Presented at the Israel Society of Aviation 
and Astronautics 28th Israel Annual Conference on 
Aviation and Astronautics, February 19-20, 1986, 

Tel Aviv, Israel. Proceedings pending 

90. Card, M. F.: Current NASA Research In Aircraft Structures. 

Presented at the Techn l on- l srae I Institute of Technology, 
February 21, 1986, Haifa, Israel 

91. Davis, P. A.: Aircraft Landing Dynamics Facility Overview. 

Presented at the NASA Langley Workshop on Aircraft Tire 
Testing Requirements, May 7, 1986, Hampton, Virginia 

92. Juang, J-N.; and Horta, L. G. : A Linear Optimization 

Approach for Structure and Control Design. Presented 
at the 24th IEEE Conference on Decision and Control, 
December 11-13, 1985, Fort Lauderdale, Florida 

93. Juang, J-N.: Studies of Parameter Identification and 

Control of Large Flexible Structures. Presented at the 
Metropolitan Science and Technology University, June 4, 
1986, Tokyo, Japan 

94. Juang, J-N.; and Taylor, L. W.: Control Experiment 

Progress of Large Space Structures. Presented at the 
I EEE/Amer I can Automatic Control Conference Fourth IFAC 
Symposium on Control of Distributed Parameter Systems, 
June 30-July 2, 1986, Los Angeles, California 

95. Kennedy, J. M.; Qoree, J. G.; and Flchter, W. B.: Opening 

of an Interface Flaw In a Layered Elastic Half-Plane 
Under Compression Loading. Presented at the 23rd Annual 
Technical Meeting of the Society of Engineering Science, 
August 25-27, 1986, Buffalo, New York 

96. McComb, H. G., Jr.: Research In the Structures and 

Dynamics Division at NASA Langley Research Center. 
Presented at the Royal Aircraft Establishment, 

September 3, 1986, Farnborough, England 

97. McComb, H. G., Jr.: Research in the Structures and 

Dynamics Division at NASA Langley Research Center. 
Presented at the Imperial College, September 15, 1986, 
London, England 

98. Mikulas, M. M. , Jr.: Research Program on Large Space 

Structures. Presented at the NASA Langley Space 
Construction Conference, August 6-7, 1986, Hampton, 

Virginia 
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99. Noor , A. K.; Tanner, J. A.; and Andersen, C. M. : Advances 

In Contact Algorithms and Their Applications to Tires. 
Presented at the Tire Society Fifth Annual Meeting and 
Conference on Tire Science and Technology, March 25-26, 
1986, Akron, Ohio 

100. Pinson, L. D.: NASA Research in Structural Dynamics. 

Presented at the Shock & Vibration Information Center 
56th Shock and Vibration Symposium, October 22-24, 1985, 
Monterey, California 

101. Stein, M.: Stability of Thick Plates In In-Plane Compres- 

sion and Shear. Presented at the Structural Stability 
Research Council 1986 Technical Session and Meeting, 

April 15-16, 1986, Washington, D.C. 

102. Thurston, G. A.: On the Connexion Between Ad Hoc and 

Finite Element Solutions for Plate Stability. Presented 
at the Structural Stability Research Council 1986 
Technical Session and Meeting, April 15-16, 1986, 
Washington, D.C. 

103. Yager, T. J.: Status Report on Joint FAA/NASA Aircraft and 

Ground Vehicle Runway Friction Program. Presented at the 
SAE Ad Hoc Committee on Take-Off Performance Monitoring, 
October 1-2, 1985, Williamsburg, Virginia 
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